We aimed to analyze trends in hospital admissions due to adverse drug effects between the years 2000 to 2007 among the elderly using the National Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project. We identified the discharges with the principal and all listed diagnoses related to adverse drug effects and associated hospital charges using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9) codes. Between 2000 and 2007, 321,057 patients over 65 years were discharged with a principal diagnosis related to an adverse drug effect. Hospital charges were $5,329,276,300 or $666,159,537 annual cost. The number of discharges and total hospital charges did not change over the examined years, while mean charge per discharge increased on average by $1064 ± 384 per year. Total hospital charges for drug-induced gastritis with hemorrhage increased the most by $11,206,555 per year among those 66-84 years old and by $8,646,456 per year among those older than 85 years. During 2007, 791,931 elderly had adverse treatment effects among all listed diagnoses with hospital charges of $937,795,690. Effective drug management interventions are needed to improve safety of treatments in the elderly.
Introduction
Adverse drug events result in hospital admissions, increased costs, and poor quality of health care. 1 Prevention of adverse treatment effects is essential for improving patient safety and quality of care. 2 With $2.5 trillion in annual spending for healthcare in the US, adverse treatment effects contribute to unnecessary and preventable cost. 2 Hospital admissions due to adverse drug effects can be prevented with high quality care. 3 Aging patients are most vulnerable to multimorbid conditions and polypharmacy. 4 However, hospital admissions for adverse drug events among elderly have not been evaluated in relation to quality of care. We aimed to examine frequency and hospital charges of adverse treatment effects among elderly using the National Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project. 
Methods
We analyzed total number of discharges with a principal diagnosis of adverse drug events in [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . We defined elderly inpatients in two age categories: 65-84 and 85 years of age. Principal diagnoses as the reasons for admission were identified using codes of the International Classification of Diseases, ninth Revision, Clinical Modification (ICD-9-CM), see Appendix Table 1) . 6, 7 We defined adverse drug effects as poisoning due to inappropriate uses or medication errors (eg, wrong medication, wrong patient, overdose) and as an adverse drug reaction. 8 We did not analyze clinical side effects including drug-induced psychoses (ICD codes 10 292.0-292.9) or dermatitis (ICD codes 5 692.3, 692.9, 693.0, 693.8, 693.9). 8 We identified all listed diagnoses of adverse treatment effects that coexisted at the time of admission, or that developed during the stay in 2007 using ICD-9-CM codes 6 (Appendix Table 2 ). We analyzed mean hospital charges 5 as the amount the hospital charged for the entire hospital stay for each ICD code. We multiplied the number of discharges by the mean hospital charge to calculate total hospital charges for each ICD code for each year and for the total time period from 2000 to 2007. We analyzed time trend in discharges and hospital charges with years as a continuous variable. We used restricted maximum likelihood (REML) estimation methods and -2 Res Log Likelihood Fit Statistics with mixed procedure 9 in SAS. All calculations were performed at 95% confidence levels using a two-sided P value with SAS software. 10 
Results
During the period between 2000 and 2007, 321,057 hospital admissions among the elderly had principal diagnoses of adverse drug effects (Table 1) . Total hospital charges were $5,329,276,300 or $666,159,537 per year.
Drug-induced gastritis with hemorrhage (87,807 discharges) and without mention of hemorrhage (57,786 discharges) constituted 31% and 21% of all drug-induced hospitalizations, respectively. Poisoning by benzodiazepine-based tranquilizers, insulins, antidiabetic agents, and anticoagulants contributed to 5% or more of drug-induced hospitalizations in the elderly.
Hospital charges for gastritis with hemorrhage ($1,572,983,700 or 36% of all hospital charges), gastritis without mention of hemorrhage ($860,998,714 or 20% of all hospital charges), for poisoning by benzodiazepine-based tranquilizers ($328,528,129 or 8% of all hospital charges), and for poisoning by opiates ($217,660,115 or 5% of all hospital charges) were the largest drug-induced charges among elderly patients.
Total number of hospital admissions due to adverse drug effects increased from 36, 199 Elderly patients constituted more than 50% of all admissions due to poisoning by anticoagulants and cardiotonics. Half of all hospital admissions with a principal diagnosis of poisoning by an anti-Parkinsonism drug or drug-induced gastritis with hemorrhage occurred in elderly patients.
The number of discharges and total hospital charges did not change over the examined years (P values for trend 0.61 and 0.11, respectively) while the mean charge per discharge increased on average by $1064 ± 384 per year (P value for trend 0.006).
Hospital admissions due to drug-induced gastritis and due to poisoning by glycosides decreased during 2000-2007 (Table 2 ). Hospital admissions due to poisoning by opiates 
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or insulin and antidiabetic agents increased in the examined time period (Table 2) . Mean hospital charges increased significantly for poisoning by methadone and salicylates. Hospital charges in elderly who were hospitalized for drug-induced gastritis with hemorrhage increased by $19,853,011 per year. Hospital charges for patients aged 65-84 who were hospitalized for insulin poisoning and antidiabetic agents increased by $4,600,443 per year ( Table 2 ). All listed diagnoses related to adverse treatment effects in elderly in 2007 constituted 791,931 discharges and $937,795,690 hospital charges (Table 3) . Adverse effects $1,000,000,000.00 $900,000,000.00 $800,000,000.00 $700,000,000.00 $600,000,000.00 $500,000,000.00 $400,000,000.00 $300,000,000.00 $200,000,000.00 $100,000,000.00 Adverse drug effects in hospitalized elderly Dovepress submit your manuscript | www.dovepress.com 

Discussion
Hospital admissions due to adverse drug effects are common. While the rate of admissions remained the same during the study period, costs continued to increase. Several pharmacologic groups including antidiabetic drugs, anticoagulants, cardiotonics, saluretics, and anti-inflammatory medications are responsible for the most common adverse events in the elderly. Hospital charges are substantial when all listed diagnoses related to adverse drug effects in the elderly are analyzed.
We did not analyze probable variability of adverse drug effects among geographical regions, types of hospitals, or patient income. Such variability may be associated with differences in hospital admission and charges but does not decrease the significance of the problem of very common and costly adverse drug events in the elderly. We could not judge the validity of hospital discharge codes in identifying drug-specific adverse effects. 11 Previous studies have demonstrated poor predictive value of hospital discharge codes in identifying drug adverse effects. 11, 12 Hospital admissions due to adverse drug effects may reflect inadequate drug management in outpatient settings that cannot be analyzed using the National Inpatient Sample. Outpatient clinical pharmacology services may reduce adverse drug events in elderly, [13] [14] [15] but preventive effects on hospital admissions are not clear. Effective drug management interventions are needed to improve safety of treatments in elderly. Clinical Pharmacology: Advances and Applications is an international, peer-reviewed, open access journal publishing original research, reports, reviews and commentaries on all areas of drug experience in humans. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use.
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